and I = 0 near V = 0 for an either n-or p-nanotube; the Schottky mechanism in (2) would result in I _ 0 only with V < 0 for an n-nanotube, and the bias polarities would be reversed for a pnanotube. The two observed I-V patterns are thus entirely explained by a tip-nanotube contact of the two types, where the nanotube must be n-type.
Experimentally,the STM tip wasnot placedat the endof the nanotubeas if it wereanextension. but contactedthe sideof the nanotubesothat the tip andnanotubesurfacesfacedeachother.
Thus, the one-dimensional cylindrical junction effects [4] are not relevant here. Additionally, Ref.
5 shows that nanotubes will generally flatten on a substrate due to the van der Waals interaction.
A nanotube will flatten at the STM tip surface in both contact modes shown in Fig. 1 . Therefore, the tip-nanotube junction is well approximated by the traditional planar junction model [2] .
The band diagrams are shov,n in Fig In the vacuum gap mode, we assume that the total energy E and the parallel-momentum k_ = (kx 2 + ky2) I/2 are conserved in the tunneling [6] , where kx and ky are transverse (quantized) and longitudinal (continuous)momenta, respectively.Nanotubesarefinite in thex direction, and k x is not exactly conserved, while k, is [7] . Both are conserved only for infinitely wide nanotubes. We consider a semiconducting (17,0) nanotube with a diameter 1.33 nm, which is the closest to the experimental estimation of 1.36 nm [1] in the zigzag tube families [9] . The nanotube is wide enough that subbands are treated as a group in a ko-integration with the effective mass m i for band [6, 8] ,
where the integrations are performed for E and normal (-) energy W (converted from the k0 integration since E -W is related to k 0) in the metal. The experimental current level in Fig. 3 is smaller than that in Fig. 2 . When the tip-to-film distance is low, the tip-nanotube binding will be weak (physisorption) and there will be a vacuum gap, so that S will be large to support the tension on the nanotube from the film. As the tip-to-film distance is higher, the tip-nanotube binding will be stronger (from physisorption to chemisorption) andS can be smaller. This is because the tension always tends to reduce S by pulling the nanotube down. S will be minimized in the touching mode where the binding is strongest.
In fact,
we can recover the above I0 -3 x 10 "18 A by, e.g., S -0.1 nm 2 and 0n -0.5 eV (< EC;) using the [2] , where T is the temperature.
S and On in these ranges are possible. For further investigation, S, On, and A* need to be determined experimentally. 
